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Indigenous Plant Growth-Promoting Rhizobacteria (PGPR) are naturally occur for enhancement of 
soil fertility, producing plant growth hormones, nitrogen fixing, bio-composting and biodegradation 
of organic substances of soil without damaging the ecosystem. The objectives of this study was to 
isolate beneficial microbes using direct and enrichment methods on specific media, and screen these 
isolates for PGPR traits of Rhizobium-like strains, Azotobacter-like strains, Azospirillum-like strains 
and phosphate solubilizer-like strains isolated from four Imperata grasslands in Indonesia. About 
208 isolates were isolated using direct and enrichment method from Cibinong (CSC); Central 
Kalimantan (Katingan) and Nusa Tenggara Timur (SV and RM) on specific media screened for IAA, 
phosphate solubilization, nitrogen fixation and cellulolytic activity. This study showed that 
enrichment method was effective for isolation of beneficial microbes. One hundred and seven 
isolates assayed exhibited ability to produce IAA about 200 µg/ml. One hundred sixty four isolates 
appeared solubilized of Ca-P complex and release orthophosphate. Ninety nine isolates showed 
ability to fix nitrogen and 24 isolates were able to degrade cellulose.  
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The area of alang-alang (Imperata cylindrica) grasslands in Indonesia is estimated 
8.5 million hectars widespread throughout Indonesia among others Sumatera, 
Kalimantan, Java, Sulawesi, Nusa Tenggara, Maluku and Papua islands, corresponding 
to about 4% of the total area of Indonesia (1). In terms of the land area, Imperata 
grasslands are potential for development of agriculture intensification, however 
Imperata cylindryca commonly known as weed grow in low organic matter content, 
acidic and poor soil fertility with major nutrients deficiency particularly phosphate and 
nitrogen (2,3), moreover alang-alang produces allelopathic such as tabanone which 
inhibits root growth of garden onion and garden lettuce (4). 
Sustainable revegetation strategie of marginal Imperata grasslands is conducted to 
change Imperata grassland to productive land by improving land quality without 
damaging the ecosystem. Increasing soil fertility can be conducted by using chemical 
fertilizer, however a studied showed that the increasing the use of mineral nitrogen 
fertilizer application in a long term caused increase of soil pH, osmotic potential and 
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ammonia concentration that result in decreasing of soil microbial biomass (5). 
Furthermore, the naturally acceptable technology is needed for enhancement of 
Imperata grasslands productivity for agricultural crops without damaging the 
ecosystem.  
Indigenous microorganisms are beneficial  microbial consortium which increase 
soil productivity, through improving soil fertility, producing plant growth hormones, 
phosphate solubilizer, fixation of nitrogen, bio-composting and biodegradation (6,7). 
Besides that, the use of plant growth promoting rhizobacteria (PGPR) as a bio-fertilizer 
is effective for reducing chemical fertilizer in agriculture (6,8,9), therefore indigenous 
PGPR is a potential microbial consortium that effective as a biofertilizer on Imperata 
grasslands.The objectives of this study was to isolate beneficial microbes using direct 
and enrichment method on specific media and screen the isolated microbes for PGPR 
traits of Rhizobium-like strains, Azotobacter-like strains, Azospirillum-like strains and 
phosphate solubilizer-like from four Imperata grasslands in Indonesia. 
2. Methods 
2.1. Isolation of rhizobacteria 
Rhizosphere soil samples were collected from four location of alang-alang 
(Imperata cylindrical) grasslands in Indonesia i.e. Cibinong, West Java (CSC), Central 
Kalimantan (Katingan) and Nusa Tenggara Timur (SV and RM), Indonesia. Isolation 
was carried out by a direct and an enrichment method using specific Pikovskaya 
mediawhich contained the following ingredients l
-1
: 10 g glucose, 0.2 g NaCl, 5 g 
Ca3(PO4)2, 0.5 g (NH4)2SO4, 0.2 g KCl, 0.1 g MgSO4.7H2O, 0.002 g MnSO4, 0.002 g 
FeSO4, 0.5 g yeast extract and 26 g agar, pH was adjusted to 6.5-7.0 for phosphate 
solubilizer bacteria-like strains; Yema media contained l
-1
 :1 g K2HPO4, 0.2 g MgSO4, 
0.1 g NaCl, 3 g CaCO3, 10 g manitol, 3 g yeast extract, 20 g agar and 10 ml congo red, 
pH was adjusted to 7.0 for Rhizobium-like strains; Caceres media contained l
-1
: 0.5 g 
K2HPO4, 0.2 g MgSO4.7H2O, 0.1 g NaCl, 0.5 g yeast extract, 0.002 g FeCl3.6H2O, 5 g 
DL-Malic acid,4.8 g KOH, 14 ml congo red 0.25% and 10 g agar, pH was adjusted to 
7.0for Azospirillum-like strains and sucrose-Ashby media contained l
-1
: 0.2 g KH2PO4, 
0.8 g K2HPO4, 0.2 g MgSO4.7H2O, 0.1 g CaSO4.2H2O,0.002 g FeCl3.6H2O, 0.002 g 
Na2MoO2.2H2O, 0.5 g yeast extract, 20 g sucrose and 20 g agar, pH was adjusted to 
7.0for Azotobacter-like strains.A serial dilution from four soil samples was performed 
by diluting 0.5 g of soil in 9 mL steril water for direct isolation method and after shaken 





was put inside a steril petridishes continued with pouring of 
Pikovskaya, Yema, Caceres and sucrose-Ashby media on petridish for each target 
bacteria. Roughly 0.5 g of soil sample was diluted in 9 mL of specific sterile broth 
media for enrichment method continued with shaking for one night and then about 0.2 




 was put inside sterile petridishes then treated 
the same as direct method. All plates were incubated at 28 
o
C for 7 days then counted 
and sub-cultured until obtaining a single colony. All isolates were stored in 10% 
glycerol at 80 
o
C. 
2.2. Screening plant growth potential activity 
All isolates were screened for PGPR traits such as ability to produce indole-3-acetic 
acid (IAA), phosphate solubilizer, nitrogen fixation and cellulolytic activity. Isolates 
were grown on a half-strength tryptic soy broth media l
-1
 which consisted of 10 g 
peptone, 2.5 g NaCl and 20 g agar, pH was adjusted to 7.0, mixed with200 µg/ml of L-
Tryptophan then dropped by modified Salkowski’s reagent (250 ml of HClO4, 249 ml 
of distilled water and 1 ml of 0.5 M FeCl3) for IAA detection, stored in a darkness for 
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30 min, a pink color indicated of IAA production (10,11). Phosphate solubilizer was 
carried out with sub culture the isolates on Pikovskaya media and incubated at 28 
o
C for 
72 hours. The halo-zone was formed around isolate indicated with ability of isolate to 
solubilize phosphate from Ca
2+
. All isolates were grown on LB mediathen transferred 
on 5 mltube containing semi solid New Fabian brothmedia l
-1
which consisted of 5 g 
Malic acid, 0.5 g K2HPO4, 0.2 g MgSO4.7H2O, 0.1 g NaCl, 0.02 g CaCl2, 2 ml 
Bromothymol blue (0.5% aqueous solution dissolved in 0.2 N KOH), 4 ml Fe EDTA 
1.64%, 4 g KOH, 1 ml vitamin (0.01 g biotin, 0.02 g pyridoxol HCl and 1000 ml of 
water), microelement solution (0.4 g CuSO4, 0.12 g ZnSO4.7H2O, 1.4 g H3BO3, 1.5 g 
Na2MoO4.2H2O, 1.5 g MnSO4.H2O and 1000 ml of water), pH was adjusted to 7.0, then 
incubated at 28 
o
C for 72 hours. Positive results were showed with forming white veil-
like pellicles in the below of the surface of semi solid NFB media that indicated with 
isolate had ability for fixation of nitrogen. Cellulolytic activity of isolates was carried 
out by grown  isolates on carboxymethyl cellulose(CMC)media l
-1
consisted of 1 g 
(NH4)2SO4, 1 g MgSO4, 1 g MnSO4, 1 g yeast extract, 1 g FeCl3, 20 g agar and 10 g 
CMC, pH was adjusted to 7.0, then incubated at 28 
o
C for 48 hours continued with 
poured isolated with congo red. The halo-zone was formed around isolates indicated 
that isolates capable to degrade cellulose. 
3. Result and Discussion 
3.1. Isolation of rhizobacteria 
A total 208 indigenous rhizobacteria were isolated from four location of Imperata 
grasslands using direct and enrichment method on specific media. The isolated 
microbes showed the differences of appearance and number of colonies morphology 
between direct and enrichment method on specific media. Direct method used serial 
dilution appearing various shape, type and color of microorganisms. Various kinds of 
microorganisms appeared on direct method’s plates such as fungi, bacteria and others 
which were indicated by unspecific isolation product. Otherwise, isolation used 
enrichment method showed specific target bacteria with same appearance and 
increasing number of isolates on plate with same dilution because this method utilized 
specific and rich media for promoting the growth of particular isolates (Fig.1A-B).Total 
48, 65, 52 and 43 isolates were isolated from CSC (Cibinong), Katingan (Central 
Kalimantan), SV (Nusa Tenggara Timur) and RM (Nusa Tenggara Timur), respectively 
(Table 1). 
 
Figure. 1. The differences of colony morpho types on YEMA media  of Rhizobium-like 
strains which were obtained from direct plate method (A) and enrichment method (B). 
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Table 1. Isolated rhizobacteria obtained by direct and enrichment method from four location of 
Imperata grasslands  
Samples Isolation Target of isolates 
 
Samples Isolation Target of isolates   



















Total 29 Total 29 



















Total 19 Total 23 



















Total 29 Total 22 



















Total 36 Total 21 
 
3.2. Screening plant growth promoting potential activity 
All isolates isolated were screened based on metabolic activities which is 
considered as potential indigenous PGPR traits as among others ability to produce 
phytohormones (IAA), solubilized insoluble phosphate, nitrogen fixation and 
cellulolytic activity for future biofertilizer on Imperata  grasslands. One hundred seven 
isolates exhibited the potential to produce auxin hormone (Indole-3-acetic acid) 
dependent of 200 µg/ml L-Tryptophan.IAA producing isolates were indicated by 
production of pink color after stored in a dark room after addition of Salkowski reagent 
treatment and appeared a (Fig.2A). L-Tryptophan is a essential amino acid that 
synthesized in the chloroplast of plants and used as a precursor by bacteria to produce 
IAA, however IAA can be synthesized by bacteria without L-Tryptophan as a precursor 
(12). Several isolates showed a thick pink color than others and color intensity increased 
after stored in darkness because of different abilities on IAA production. Auxin (IAA) 
was the first plant hormone identified and useful for plant development and growth 
(13). In plants-microbes interactions, although plants produced IAA, auxin produced by 
bacteria can alter the auxin balance inside the plants.  
A total 164 isolates were tested for phosphate solubilization ability.Phosphate 
solubilizing bacteria were assayed on  Pikovskaya’s media which contain insoluble 
Ca3(PO4)2. The colony with visible halo-zone formation after incubation forr 24 hours at 
room temperature is isolates that capable to solubilize Ca-P complex and release as 




) (Fig.2D). A study showed that soil bacteria effective in solubilizing 
phosphate is those bacteria which  produce organic acids (14) and maximum quantity of 




 day .Mixed 
culture were effective than single culturein mineralization of organic phosphate (15). 
Availability of phosphate in soil for plants were dependent on  soil pH, whereas 
phosphate is precipitated by Ca2
+ 





on acid soil (16). This study confirmed that bacteria isolated 
from four Imperata grasslands was capable for solubilizing precipitated  calcium 
phosphate. Some studies explained that phosphate solubilizing bacteria produced 
organic acid which decreased soil pH and  bring phosphate into solution. Acidification 





Semi solid New Fabian broth was used to grown all isolates isolated from Imperata 
grasslands, 99 isolates formed veil-like pellicles in the below of the surface of semi 
solid NFB media indicated this isolates could transformed atmospheric N2 to organic 
compounds that absorbed by plants (Fig. 2C). Nitrogen and phosphate are essential 
nutrients for plant growth needed on a large amount by plants (17). Nitrogen is absorbed 
by plants in the form of  ammonium (NH4
+
) and nitrate (NO3
-
)  that can be lost from the 
soil after fertilizer application throughout volatilization of ammonia (with range 0% to 
65%), nitrate leaching and denitrification (18), thus efficiency of nitrogen fertilizer is 
generally low. Plants absorb nitrogen as a nitrate and ammonium form, therefore 
ammonium released by N-fix bacteria can be absorbed by plants for plants growth. Low 
availability of nitrogen in Imperata grassland is a limited factor for plant growth, 
furthermore application nitrogen fixation bacteria as a biofertilizer beneficial for 






Figure. 2. Screening isolates for PGPR traits (a) Producing indole-3-acetic acid by 
isolate 65, 66, 77 and 78 indicated by a pink color after dropped with Salkowski reagent 
and stored for 30 minutes; (b) Nitrogen fixation by isolate 77, 61, 35 and 75 showed 
white veil like pellicle below NFb media surface; (c) Cellulolytic activity from isolate 
31 and 83 appeared halo zone around isolates on CMC media; (d) Solubilization of 
inorganic tri-calcium phosphate by isolate 131 and 133 (Left) and isolate 185 (Right) 
showed halo zone formation on Pikovskaya media. 
Twenty four isolates were cellulolytic bacteria. It shown  by formation of visible 
halo zones on CMC media after dropped with congo red, which indicated isolates 
produce cellulase enzyme that potential degrade Imperata cylindryca’s cellulose (Fig. 
2B). Screening of cellulolytic activity was conducted on media containing soluble 
cellulose derivative (carboxymethyl cellulose) as a substrate. Decomposition Imperata 
cylindryca is difficult because plant cell wall consist of polymer that dominated by 
cellulose followed by hemicelluloses, lignin and pectins (19). Several studies showed 
that bacteria contribute to the decomposition of cellulose and hemicelluloses and 
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processive exo-acting enzymes that degrade the polymers from chain ends (20). Isolates 
from Katingan isolated used direct method (8 isolates) and enrichment method (3 
isolates) showed ability to degrade cellulose, furthermore 9 isolates from RM and 5 
isolates from CSC isolated used direct method appeared cellulose activity, but none 
isolates from SV able to degrade cellulose. Isolation rhizobacteria from Imperata 
grasslands and screening its ability to degrade cellulose were conducted to obtain 
biodegradation and biocomposting isolates as PGPR traits. Imperata cylindryca was 
degraded slowly into organic matters. Application of cellulose degrading bacteria on 
Imperata grasslands for plant growth accelerate the establishment of organic matters 
from Imperata cylindryca. 
Indigenous rhizobacteria isolated from Imperata grasslands that have characteristic 
to promote plant growth including the strain that produce indole acetic acid, phosphate 
solubilization, nitrogen fixation and cellulolytic activity. They are  potential for PGPR 
inoculants to improve plant growth as a sustainable revegetation strategie of Imperata 
grassland. Screening of indigenous rhizobacteria from Imperata grasslands showed 
multiple PGPR traits (Table 2). The data showed that no one isolates that have four 
PGPR traits indicated that every isolate has special abilities. However, at least isolates 
have three PGPR traits and several isolates without ability. Table 2 also showed that 
isolates isolated by enrichment method have more ability for PGPR traits and potential 
than isolates from direct method. The screening suggests  that  they  have  better  
potential  for  greenhouse experiments  and field  testing  and  their applications  is to 
improve crop  yield  planted on Imperata grasslands. Therefore,  future  investigations  
should include  the  application  of  these microbes as  most  promising  PGPR  to 
increase crop productivity in grassland. 
Table 2. Isolated rhizobacteria obtained  bydirect and enrichment method from four location of 
Imperata grasslands 
CSC (Cibinong, Bogor) SV (Nusa Tenggara Timur) 
Direct method Direct method 




















+ + - - 1 
Yema 
- + + - 1 
- + + - 1 + - - - 1 
- + - - 1 
Pikovskay
a 
+ + + - 3 
Pikovskay
a 
+ + + - 1 + + - - 6 
+ + - - 3 - + + - 2 
- + + - 1 
Sucrose-
Ashby 
+ + - - 2 
- + - + 1 - + + - 1 
- + - - 1 + - - - 3 
- - + - 1 - - - - 2 
- - - - 1 
Caceres 
+ + + - 3 
Sucrose-
Ashby 
+ + - + 1 + + - - 2 
- + + + 2 - + + - 3 
- + + - 2 Enrichment method 











- - - - 3 
Yema 
+ + + - 1 
Caceres 
- + + + 1 + + - - 2 
- + + - 1 - + + - 1 
- + - - 5 Pikovskay
a 
+ + + - 2 




+ + + - 1 








+ + - - 3 
Yema + + + - 1 + - - - 1 
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+ + - - 1 
Caceres 
+ + + - 4 
- + + - 1 - + + - 4 
Pikovskay
a 
+ + + - 6 Katingan (Central Kalimantan) 
+ + - - 1 Direct method 














+ + + - 1 
Yema 
+ + + + 1 










- + + - 1 




+ + + - 2 
- + + + 1 
RM (Nusa Tenggara Timur) - - + + 1 
Direct method - + + - 7 
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- + + - 2 
  - + - - 1 - - + - 1 
Pikovskay
a + + - - 1 
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- + - + 1 
  - + - + 2 - - - + 1 
  - - + - 1 - - - - 2 
Sucrose-
Ashby + + - - 1 
Enrichment method 
  











  - + - + 1 
Yema 
+ + + - 4 
  - - + - 1 + + - + 1 
  - - - + 1 - + - + 1 
  - - - - 1 - + - - 1 
Caceres + + - + 1 - - - - 1 
  + + - - 2 
Pikovskay
a 
- + + - 1 
  - + - + 1 - + - - 3 
  - + - - 2 - - - - 5 
  - - - - 1 
Sucrose-
Ashby 
+ + + - 1 
Enrichment method - + + - 1 








+ - - - 1 
Yema + + + - 3 - + - - 2 
  - + + - 2 - - + - 1 
  + - - - 1 - - - - 3 
  - - - - 1 
Caceres 
+ + + - 6 
Pikovskay
a + + + - 3 - + + + 1 
  + + - - 5 - + + - 1 
Sucrose-
Ashby + + - - 2 - + - - 1 
Caceres + + + - 4 - - - - 1 
 
4. Conclusion 
A total of 208 isolates isolated from four Imperatagrasslands using direct and 
enrichment method. These isolated belonged to Rhizobium-like strains, Azotobacter-like 
strains, Azospirillum-like strains and phosphate solubilizer-like strains. Enrichment 
method was effective  used as a method for isolation of indigenous rhizobacteria. About 
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107 isolates produced IAA dependent on the presence of  Tryptophan , 164 isolates 
solubilized inorganic phosphate, 99 isolates showed ability to fix nitrogen and 24 
isolates able to degrade cellulose. 
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